Objective The objective of this study is to assess the prevalence of overweight among 10-12-year-old South Asian children in comparison to non-South Asian children. Methods This cross-sectional study obtained data from 16 schools in Toronto, Ontario. The analysis included 734 children (260 South Asian and 475 non-South Asian) aged 10-12 years. Height and weight were measured, and body mass index (BMI; kg/m 2 ) was calculated according to age-and sex-specific cut points established by the International Obesity Task Force (IOTF). Results The prevalence of overweight was significantly higher among South Asian children when compared to nonSouth Asian children (36.9 vs. 23.0 %; p<0.001). Unadjusted, South Asian children exhibited increased odds for being overweight (OR=1.96; CI=1.41-2.73; p<0.001) compared to non-South Asian children and persisted after the adjustment for socio-demographic covariates but did not remain significant after the inclusion of physical activity and sedentary behaviour variables. The adjusted odds for being overweight was significantly higher among South Asian boys (but not girls) compared to their non-South Asian counterparts (OR=2.45; CI=1.32-4.55; p<0.0001). Conclusions The prevalence of overweight differs by ethnic group and gender. South Asian boys have increased odds of being overweight compared to non-South Asian boys. Children of South Asian origin should receive focused attention in public health initiatives to reduce the risk of becoming overweight and the associated metabolic consequences.
Introduction
The prevalence of childhood overweight continues to rise in Canada and reports indicate that 30% of children are overweight or obese [1] . Addressing this major health epidemic is a public health priority given the serious implications of childhood overweight on health and quality of life over a lifespan. Overweight in childhood tracks into adulthood [2] and is associated with adverse outcomes such as cardiovascular disease (CVD), diabetes, hyperlipidemia and hypertension [3] .
The available evidence suggests that there is ethnic variation in the prevalence of overweight among children. With respect to South Asian children, studies from the United Kingdom indicate that overweight and obesity is rising significantly among children of this ethnic origin (i.e., those who have ancestral origins from India, Pakistan, Bangladesh and Sri Lanka) [4, 5] . Potential factors contributing to this trend in South Asian children include a higher daily caloric intake, more sedentary behaviour and lower levels of habitual physical activity compared with children of European descent [6] .
South Asian adults in Canada are well established as having a higher incidence and prevalence of premature CVD and type 2 diabetes [7] . Overweight and obesity is thought to be one of the primary underlying factors in the increased mortality from CVD in people of South Asian origin, and the metabolic effects are apparent from childhood [6, 8] . Therefore, South Asian children could be at greater risk of developing CVD and type 2 diabetes at an earlier stage, and the need to implement prevention strategies including weight control is needed [9] .
Despite having a high cardiovascular risk profile in Canada, there is an absence of representative overweight and obesity data on South Asian children. Because different definitions of body mass index (BMI) are used throughout the world, comparisons of data between countries can be difficult. Further, there are methodological limitations of studies in the UK, including the lack of appropriate socio-demographic (e.g., parental education) and behavioural (e.g., physical activity) adjustments in the statistical models examining odds ratios of childhood overweight and obesity [4, 5] . The lack of appropriate adjustments limits the conclusions that can be drawn from these studies.
The objectives of this study are threefold. First, the prevalence of measured overweight (including obesity) among South Asian children in Canada using age-and sex-specific BMI cut points as defined by the International Obesity Task Force (IOTF) are compared to non-South Asian children. Second, the association between the South Asian ethnicity and childhood overweight is examined after adjusting for several socio-demographic and behavioural covariates, including physical activity measured by accelerometry. Third, the potential moderating effect of gender in the association between the South Asian ethnicity and childhood overweight is assessed.
Methods

Study Design and Participants
Data from Project BEAT (Built Environment and Active Transportation; www.beat.utoronto.ca/) were used in this analysis [10] . Project BEAT was a large-scale, multidisciplinary and mixed method study assessing how the built environment influences the way elementary school children travel to school in Toronto, Ontario (Canada). In January 2010, all elementary schools with Grade 5 and 6 students within the Toronto District School Board (n=469) received an invitation to participate. Fifty-four schools responded, 40 of which were interested (response rate = 11. 5 %), and 16 schools were selected based on their varying geographic location, socio-economic status (SES) and ethnicity. Neighbourhood classifications were created using the child's home address. Two neighbourhood classifications were created on the basis of the period of neighbourhood development: urban built environment (BE) versus innersuburban BE; two classifications of neighbourhood SES (low SES and high SES) were also created, according to the median household income reported in the 2006 Population Census of Canada [10] . Out of a total of 1704 students enrolled in grades 5 and 6 at the 16 selected schools, 1027 (60.3 %; boys, n=478; girls, n=549) obtained parental consent to participate in the study. Prior to any data collection, children completed an assent form (n=1001; 26 students were absent for data collection). Ethics approval from the Toronto District School Board and University of Toronto Ethics Committee was granted.
Classification by South Asian Ethnicity
Children of South Asian ethnic origin in the cohort (i.e., those with ethnic origins from India, Pakistan, Sri Lanka and Bangladesh) were classified through a multi-method process by the first author. First, South Asian children were classified from self-reports of a second language spoken at home including Hindi, Urdu, Punjabi, Bengali, Tamil, Telugu, Gujarati, Kannada and Malayalam. These languages are described as the most common and salient aspect of ethnic identity in studies on South Asians [11] . Second, prior to anonymization of the study data, a previously validated protocol of reviewing surnames was used to confirm the classification of South Asian children initially based on reports of speaking a South Asian language at home [12] . This surname list has been shown to have a sensitivity of 50.4 %, a specificity of 99.7 % and a positive predictive value of 89.3 % in classifying individuals who previously identified themselves as South Asian from primary data sources [12] . Children having a South Asian surname who reported speaking a South Asian language at home were categorized as South Asian in this study (n=260). The comparison group included children who did not report speaking a second language at home and were categorized as Non-South Asian (n=474). This comparison group represents children with ancestors of European origin (continental Europe, Ireland and United Kingdom). All children who reported speaking a second language not classified as South Asian at home were excluded from the analysis (n= 257), given the diverse range of ethnicities that could not be ascertained, and limited sample sizes to form new ethnicspecific categories.
Measurement of Body Mass Index in Children
Trained research assistants measured the height and weight of a total of 1001 children at the participating schools. Children's height was measured in centimetres (to the nearest half centimetre), without shoes, using stadiometers. Children's weight was measured in kilograms, to the nearest 100 g unit (0.1 kg), with normal indoor clothing, without shoes, using mechanical scales (calibrated).
To classify overweight and obesity in young people of 2-18 years of age, Cole et al. [13, 14] , supported by the IOTF, developed a series of age-and sex-specific BMI cut-off points based on data collected from Brazil, UK, Hong Kong, Singapore, the Netherlands and the USA. This present study used these BMI cut-offs that were derived from sex-specific BMI age curves that pass through a BMI of 25 and 30 (the cut-off points used in adults to define overweight and obesity, respectively) at 18 years of age, respectively.
Measurement of Physical Activity
Physical activity is independently associated with overweight status in children [15] and was controlled for in the current analysis. Children's physical activity was objectively measured for seven days using ActiGraph GT1M™ accelerometers [16] . As per study requirements, each child wore an accelerometer for a minimum of 10 hours on at least three weekdays and one weekend day [17] . Time spent at various levels of movement intensity was classified according to published thresholds in children [18] . Physical activity variables of interest in this study included minutes of moderate to vigorous physical activity (MVPA) per day and time spent sedentary (minutes per day); physical activity variables are based on an average of physical activity data collected across the week. The distribution of MVPA and sedentary minutes were not normally distributed, therefore, quartiles (bottom; second (median); third; top) and interquartile ranges (IQR) were calculated and categorized.
Socio-demographic Variables
Potentially confounding socio-demographic factors that were assessed, and shown to be independently associated with weight status in previous work [15, 19, 20] , were also controlled for in the analysis. Demographic and socio-economic questions were asked in the survey administered to parents of all participating children in the BEAT project. Child, parental and school demographics were collected. Child characteristics included age and gender. Parental characteristics included the highest level of education attained by either parent living in the household and was grouped into three categories: (i) high school or less, (ii) university or college and (iii) postgraduate. The socio-economic status (SES) at the school level was classified into two categories: (i) low SES and (ii) high SES. School neighbourhood SES was modelled using median household income and computed at the scale of census dissemination area.
Statistical Analysis
The prevalence of overweight and obesity was examined in the sample overall and in strata according to ethnic group and gender. Proportions and means for all covariates were computed in the sample overall and in strata according to ethnic group. Pearson chi-square analyses were conducted to compare the distribution of all categorical variables between South Asian and Non-South Asian children. Independent t tests were used to assess for significant differences for continuous variables. Median (interquartile ranges) were calculated for skewed variables (e.g., MVPA and sedentary behaviour). Mann-Whitney tests were used to examine differences in skewed variables.
Three sequential multivariable models were used to assess the impact of potential variables on the association between overweight prevalence and ethnicity. The first model was unadjusted; the second model was adjusted for socio-demographic variables including age, gender and highest level of parental education; the third and 'full' model adjusted for levels of MVPA and sedentary behaviour in addition to the sociodemographic variables. This regression analysis was repeated separately for each gender group to examine the potential moderating effects of gender in predicting overweight in children. All analyses were conducted using SPSS Mac version 21.0.
Results
The analysis included 734 children 10 to 12 years of age who had valid measures for height and weight. There were 260 (35.4 %) South Asian children classified within this sample. Descriptive characteristics are shown in Table 1 . There was no difference in age between South Asian and non-South Asian children. The gender proportion was approximately equal in the group of South Asian children (49.6 % girls vs. 50.4 % boys; p<0.98), whereas the proportion of girls compared to boys in the group of non-South Asian children was higher (56.8 vs. 43.2 %; p<0.01). There were significant differences in the levels of parental education and school SES between the two ethnic groups. South Asian children had higher proportions of either parent having less than or equal to high school education (21.7 vs. 7.3 %; p<0.05) and being enrolled in a low SES neighbourhood school (83.1 vs. 28.9 %; p<0.0001) in comparison to non-South Asian children.
Comparisons between the groups with respect to physical activity were significantly different. The median MVPA minutes/day was lower (24.1 vs. 28.9; p<0.05) in South Asian children compared to non-South Asian children, while the median time spent sedentary (minutes/day) was higher (889.6 vs. 722.7; p<0.01).
The overall prevalence of overweight (BMI≥25 kg/m 2 ) in the total sample of children was 27.9 %. Figure 1 shows the prevalence of overweight was significantly higher among South Asian children when compared to non-South Asian children (36.9 vs. 23.0 %; p<0.001). The results of the logistic regression analyses predicting overweight in South Asian children are presented in Table 2 . Unadjusted (Model 1), South Asian children exhibited increased odds for being overweight (OR=1.96; CI=1.41-2.73; p<0.0001) and persisted after the adjustment for socio-demographic covariates (Model 2). However, these results did not remain significant after the inclusion of physical activity and sedentary behaviour variables (Model 3).
The prevalence of overweight children was significantly higher among South Asian boys in comparison to non-South Asian boys (42.7 vs. 22.4 %; p<0.0001). South Asian girls also had a higher prevalence of overweight compared to nonSouth Asian girls (31.0 vs. 23.4 %; p<0.001). Table 3 shows the unadjusted and adjusted odds ratio for overweight separately for South Asian boys and girls. After the adjustment for socio-demographic and behavioural covariates (Model 3A), the odds for being overweight was significantly higher among South Asian boys compared with their non-South Asian counterparts (OR=2.45; CI=1.32-4.55; p<0.0001). However, the unadjusted (Model 1B) and adjusted odds (Models 2B and 3B) for being overweight among South Asian girls was nonsignificant when compared to non-South Asian girls.
Discussion
This paper provides evidence that there is ethnic variation in the prevalence of overweight based on IOTF criteria. The Percentages may not add up to 100 due to missing data MVPA moderate to vigorous physical activity, IQR interquartile range, BMI body mass index, IOTF International Obesity Task Force a Median (IQRs) are given for skewed variables. Mann-Whitney tests were used to examine differences in skewed variables; X 2 tests were used to examine differences in percentages; independent t tests were used to examine differences in means b Weight status categories were established using BMI age-and sex-specific IOTF thresholds [14] 25. These findings are consistent with past studies reported in the literature on overweight and obesity in children of South Asian origin [4] [5] [6] . The current findings provide further insight about the relationship between overweight and ethnicity by controlling for demographic and behavioural factors, which are infrequently considered in the extant literature. Based on this important statistical and methodological consideration, we found that when examining the overall sample of children, after controlling for some known correlates of overweight (i.e., age, gender, highest level of parental education, physical activity and time spent sedentary), the associations between ethnicity and overweight prevalence that were previously observed were no longer significant. Notably, when examining gender groups separately, we found that among girls, initially significant associations between ethnicity and gender were ultimately found to be nonsignificant after controlling for covariates, whereas among boys, the association remained significant. This finding suggests that gender is an important consideration when examining the association between overweight and ethnicity among children of South Asian origin. The study highlights that South Asian boys had approximately three times the likelihood of being overweight compared to non-South Asian boys when relevant socio-demographic and behavioural factors were taken into account. Interactions between gender and ethnicity for overweight and obesity have been similarly shown in previous work, indicating a moderating effect [4, 5] . Saxena et al. [5] found that Indian (OR=1.55; 95 % CI 1.12-2.17) and Pakistani (OR=1.36; 95 % CI 1.01-1.83) boys were more likely to be overweight than children in the general population living in the United Kingdom. Further, Balakrishnan et al. [4] showed the odds of being overweight (OR=1.77; 95 % CI 1.56-2.00; p<0.05) and obese (OR= 1.76; 95 % CI 1.50-2.06; p<0.05) were significantly higher among South Asian boys compared to White children. Saxena et al. attribute these gender-specific findings to explicit ideals of body morphology around critical stages in child development and peri-pubertal development of boys within the South Asian culture [5] . Further, the literature indicates there is a perceived cultural norm within the U.K. South Asian population that is overweight is acceptable, even ideal in male children [21] . Therefore, the finding that South Asian boys are more likely to be overweight, and that this may be considered a cultural norm, is a potential public health concern.
Our study examined and adjusted for ethnic differences in physical activity and sedentary behaviour, which both could be important correlates of the higher prevalence of overweight among South Asian children. Previous studies of similar analyses have not adjusted for these confounding factors that might partially explain the ethnic differences in overweight prevalence. Low levels of physical activity and increased sedentary behaviour are known to be prevalent in minority ethnic groups, in particular, those of South Asian origin in Canada [22, 23] . Overall, the study sample did not meet the Canadian Physical Activity Guidelines for children, which outline that children should accumulate at least 60 min of MVPA daily. The difference in the median (interquartile range) minutes of objectively measured MVPA per day was minimal between the two groups of children. However, South Asian children spent markedly more time engaged in sedentary behaviour than non-South Asian children in this study. The importance of this pattern is of concern in South Asian children, since high levels of sedentary behaviour have been shown to increase the risk of overweight and related health problems, including type 2 diabetes, CVD and various metabolic factors [24] . Focused health promotion efforts should target South Asian children in encouraging less sedentary time and greater physical activity, in part to address overweightrelated health problems. South Asian adults in Canada have an elevated risk of CHD compared to the general population and have marked insulin resistance and central obesity [7, 25] . The findings of this study may suggest that these differences in disease risk are emerging before adult life. Currently, South Asian children, especially boys in Canada, show evidence of excess overweight and obesity from 10 years of age. This adverse risk factor could have an important contribution to the development of metabolic abnormalities in South Asian children that persist into adulthood [26] . Our findings are in line with emerging evidence indicating cardiometabolic risk is high in South Asian children with higher levels of excess weight and insulin resistance [6] .
There are strengths and limitations of the study. This report is among the first studies examining ethnic group differences in overweight children living in Canada. The study strengths are its use of objective measures (BMI, physical activity, sedentary behaviour), which is an important consideration given the limitations of self-report, such as biases and problems associated with recall in children. Employing multivariate statistical analytical techniques that allowed important correlates of overweight to be considered is an important strength of the study, which addresses potential confounding factors. The use of BMI cut points outlined by the IOTF offers standardized values with which to define overweight [14] . However, although BMI acts as a proxy for both lean and fat mass, it does not reflect body composition. Accordingly, one limitation of this study is that identified valid and reliable indices of overweight and obesity, such as waist and hip circumference and subcutaneous fat measurement, were not employed.
Studies show that South Asian populations are at an increased risk of cardiometabolic disorders at lower BMI levels compared to the general population, which has been attributed to considerably higher body fat percentage [27] . For this reason, the World Health Organization (WHO) recommend lowering the BMI cut-offs for South Asian adults, for overweight from 25 to 23 kg/m 2 and for obesity from 30 to 27.5 kg/m 2 , due to the increased health risks [28] . Lowered BMI cut-offs to determine overweight and obesity in South Asian children have been proposed but have yet to be adopted by the WHO or IOTF [29] . If the proposed BMI criteria for South Asian children are considered, the prevalence of overweight and obesity in South Asian children is likely to be underestimated in this study.
The multivariate models in this study predicting overweight prevalence in South Asian children did not account for total energy intake. Differences in overweight prevalence between South Asian children and non-South Asian children may be partially explained by total energy intake. In the U.K., South Asian children reported higher mean total energy intake compared with White Europeans [30] . However, this limitation is counterbalanced by the objective measures of physical activity and time spent sedentary, which is consistently correlated with energy intake in children; lack of energy intake measurement is unlikely to have changed the study findings significantly [31] . Future studies should consider total energy intake as a factor when examining overweight and ethnicity.
Parental immigration status is an important sociodemographic factor that was not collected in the study and could not be adjusted for in the multivariate models predicting overweight prevalence. There is marked variation in cardiovascular risk factors (including overweight and obesity) by the immigrant status (recent vs. long term) of South Asian adults living in Canada [7] . Studies suggest the process of adjustment to Canadian lifestyle norms may be driving excess weight gain with additional years in Canada among immigrant South Asian adults and children [32] . Factors associated with immigration should be considered in future studies.
Additionally, the purpose of the BEAT study was not to collect data on a representative sample of children. The focus was on sampling based on differences in socio-economic status of neigbourhoods and their historic development in order to explore variations in school travel. Therefore, the results of the present study may not be generalizable to other South Asian populations in Ontario or elsewhere. Further, using self-reports of a second language spoken at home and surname lists to assign the South Asian and non-South Asian ethnicity could lead to misclassification of children whose surnames do not reflect their ethnicity, such as those of mixed ethnicity.
In conclusion, the explanation for the observed ethnic variation in overweight prevalence is uncertain but is likely multifactorial. Further research is required to better identify those aspects of physical activity that are most predictive of overweight among South Asian children. Ideally, studies that employ a longitudinal design should be used to examine the predictors of weight gain, overweight and obesity in this ethnic population of children. Given that people of South Asian origin are more sensitive to the metabolic consequences of overweight and obesity, the prevention of obesity in childhood and adolescence among South Asian people, with a combination of dietary measures and increased physical activity, should be a public health priority in Canada.
